The aim of this work is to study the influence of the joint design of Tungsten Inert Gas welding (TIG) on the corrosion resistance of low carbon steel (type St-37). A single V-butt joints of a low carbon steel plates are performed by the V-angles 30°,45°,60° and square butt joint (angle 90°). Corrosion behavior of welded specimens in 3.5% NaCl solution was examined using Tafel polarization measurements. The corrosion behavior of the welded joint also is determined by open circuit potential (OCP) after that the cell's current is changed due to increasing in potential by ±100. The results shown that the corrosion rate of welded joint with V-angle of 30° was found to be less than that of other angles (45°,60° and 90°). It found that the corrosion resistance of base metal was better than that of all welded joints. From the results of the microstructure it is evident that the joint design or geometric shape of weld has an important role in the welding process, when the preparation angle value of the weld gets bigger, the faults gets less due to increase of heat quantity in the weld region.
INTRODUCTION
TIG or GTAW welding is a process that is being widely used in industry for sheet joining purposes. Many applications of welding made of carbon steel (e.g. bridge structure, fuel tanks, pipelines, shipbuilding ,..etc) are subjected to various stresses (mechanical, thermal ..etc) [1, 2] . The toughness and resistance of the welded piece to failure depending on many factors such as welding parameters (current, voltage, speed etc), geometric shape, design of the welding piece, the method implemented for welding and the nature of the applied stresses and others [ 3, 4] . It is well known that the welding process relies on an intensely localized heat input, which tends to generate undesired residual stresses and deformations in welded structures, especially in the case of thin plates [5] .
Carbon steel pipes and vessels are often required to transport water or a submerged in water to some extent during service. This exposure can be conditions varying temperature, flow rate, pH, and other factors, all of those alter the corrosion rate [6] . Nowacki and Zając [7] [2008] determined the impact of the wide-gap welding with increased root face gap, on structure and corrosion properties of the welded joints executed on duplex steel by one-side welding on ceramic backings. The performed tests and examinations of welded joints with root face gap ranging from 6 to 10 mm were intended for extending the standard range from 2 to 6 mm. They concluded that the wide-gap welding (with root face gap up to 10 mm) of duplex steel joints in vertical position does not have an adverse effect on structural and corrosion-resistance properties. When the technological process is carried out in an appropriate way, the welded construction can be executed (without the necessity to repair the welded joints geometry) using the extended range of the root face gap.
Hani and Khaiyria [8] (2010) studied experimentally and numerically the influence of single butt MIG welding shapes design on the microstructure and stresses of low carbon steel. This paper also describes the corrosion rate in the double butt welding and microstructure of welded region and the modeling of the welding process using the finite element modeling technique, three dimensional thermo-mechanical model will be used to model this process. They concluded that the thermal stresses values increases as the preparation angle increased because of increasing the filler metal deposited in weld joint.
Vargas-Arista et al [9 ] [2011] investigated the corrosion behavior of welded joints in API5L-X52 pipe steel aged at 250°C at different times under electrochemical technique like Tafel polarization, scanning electron microscopy (SEM) and transmission electron microscopy (TEM) studies. The electrochemical results which were performed in a solution of brine containing hydrogen sulfide at 25ºC, revealed an increase of the general corrosion rate in the weld bead, the heat affected zone and the base metal as the aging time was elapsed.
The deterioration of the corrosion resistance was confirmed by the formation of brittle porous corrosion products of iron sulfide and iron oxide with considerable differences in the morphology for the three different microstructural zones.
Austenitic stainless steels are used in a wide range of applications like chemical, petrochemical, medical and kitchen equipment because of their good mechanical properties and excellent corrosion resistance. Most of austenitic stainless steel products are manufactured by welding process. This manufacturing process leads to change the mechanical properties and corrosion resistance because of the high temperatures during this process [10] .
The present work focuses on the effect of joint design and preparation angle of single V butt joints on microstructure and corrosion resistance of low carbon steel (St37) which is welded by TIG process using filler metal ( welding electrode ) of austenitic stainless steel E316L and at constant welding parameters.
Experimental Work
Choice of Metal: A low carbon steel type St37 is chosen according to the Russian Standards (Gost). Its chemical analysis is shown in Table 1 .
Preparation of Welding Pieces: A low carbon steel
St37 plates of dimensions of 5 mm thick, 50 mm long and 50 mm wide are selected for TIG welding. Two pieces are prepared with making of single V-butt joint with angle of 30°. The operation is repeated on the remaining pieces to make V angles of (45°, 60°) and square butt of 90° as shown in Figure 1 . Welding Process: Welding is done by Tungsten Inert Gas (TIG) or GTAW arc welding on the prepared pieces of a low carbon steel. The welding speed was constant (2m/min).The conditions for the process are indicated in Table 2 .The Input heat quantity is calculated by the following equation [11] : After the welding process, the welded pieces were tested by X-ray radiography. Faulty and poor welded pieces were excluded. Welded pieces without defects or faults were prepared in the following manner:
1-Wet grinding with water was carried out for all the specimens by using SiC emery papers of grades 220,400,800, and 1100.
2-
Polishing process was carried out by using special polishing cloth with aluminum oxide (Al 2 O 3 ) solution of grain size of 5µm.
3-Etching process was done by immersing each specimen in etching solution ( Nital solution) which consists of 98% Methyl alcohol and 2% Nitric acid for 30sec .Then the specimen was washed with water and alcohol and dried in oven. 4-Microstructures of specimens were examined with optical microscope provided with computer and digital camera.
Welding Electrode: The welding electrode of stainless steel type (E316L) is used as filler metal with 2.8 mm diameter in which the chemical composition is shown in Table 3 .
Corrosion Test

1-Classification of specimens
After preparation, the specimens were classified into four groups as shown in Table 4 .
2-Preparation the Corrosion Solution:
The corrosion solution is prepared, which is consists of : a 35 gm of sodium chloride (NaCl) with 1000 gm of distil water. The pH ratio is measured by pH meter and its found 6.9.
3-Electrochemical Corrosion Tests:
The prepared welded specimen of area 1cm x 1cm was fixed in the holder. The reference electrode was fixed about (1 mm) apart from the surface of the specimen to be tested. The reference electrode used in this study was saturated calomel electrode (SCE). The auxiliary electrode used in the electrochemical cell was platinum type. The specimen holder (working electrode ), together with the reference and auxiliary electrode were inserted in their respective positions in the electrochemical cell used for this purpose that can fit all these electrodes as shown in Figure 2 .
The cell used was made of glass. Constant potentials (anodic or cathodic) can be imposed on the specimen, by using the potentiostat (Mlab200 of Bank Eleck .Germany ). This potentiostat is able to induce a constant potentials ranging from (-1 to + 1V) the potentials of the standard reference electrode used in this study (SCE). The potential difference between the working and the reference electrode (WE -RE ) and any current passing in the circuit of working electrode were the auxiliary electrode can be measured by using the SCI Computer Software. Any potential difference between the working and reference electrodes and also any current in the working electrode circuit can be automatically recorded. The results and plots were recorded using window XP. The scan rate can be selected also.
Polarization resistance tests were used to obtain the micro cell corrosion rates. In the tests, cell current reading was taken during a short, slow sweep of the potential. The sweep was taken from (-100 to +100) mV relative to (OCP) [12, 13] . Scan rate defines the speed of potential sweep in mV/sec. In this range the current density versus voltage curve is almost nearly linear. A linear data fitting of the standard model gives an estimate of the polarization resistance, which used to calculate the corrosion current density (I corr ) and corrosion rate. The tests were performed by using a WENKING MLab multi channels and SCI-Mlab corrosion measuring system from Bank Electronics-Intelligent controls GmbH, Germany 2007.
RESULTS AND DISCUSSION
Effect of Joint Design on the Heat Quantity: By observing the TIG welding conditions and calculated heat quantity as shown in Table 2 . It is found that with increasing preparation angle of single V joint for the welded plates, the heat quantity decreases, quantity of weld metal increases i.e. weld region possesses better quantities, greater heat transfer to adjoining region (which is effected directly by heat). While it can be shown that the heat quantity is equal with single V angle 30° and square butt joint (angle 90°) due to the ductility, due to slow cooling of the metal during welding as well as weak mechanical properties (due to presences of welding defects in the weld ). Therefore, it is preferred that the butt joint with single V angle 30 o and square butt joint (angle 90°) for homogenous heat distribution to it. These results confirmed by researcher Sadiq A. H. [14] [2011] ,Who studied the effect of increasing weld metal at different gap between parts to be welded and joint angle on the failure index of low carbon steel weldments.
Microstructure Examination:
A metal is considered to have good weldability if it can be welded without excessive difficulty or the need for special and costly procedures and the weld joints are equal to all necessary respects to the similar a piece of the base metal. Weldability varies with grads, chemistry, and mechanical properties of the steel [15] . Fusion welding results in three distinct regions in the weldment; these are fusion zone (weld metal), the heat-affected zone (HAZ) and the base metal [16] . Figure 3 shows structure of a cross-section of the welded joint and its adjoining region in which is manifested the thermal influence of the weld. The weld structure consists of columnar grain region "a" of large grain size cast structure which is a characteristic of the alloyed metal between filler metal (welding electrode) and base metal. This region is followed by the grain growth region "b" of excess heating in HAZ adjacent to weld zone, this is due to influence of high temperature excess heating greatly lowers the plasticity and shock resistance. It forms in the fine grain region or tempered region "c" in HAZ which is heated to a little higher temperature than line GS ( i.e. line between two regions ) upon air cooling. Gradually, this region shifts to region of phase recrystalization "d" which is heated to a temperature below line GS. Upon slow cooling, this leads to incomplete plasticizing. In base metal region "e" the temperature of the heated metal does not reach to the region of phase recrystalization of low carbon steel. Thus, the structure of the base metal in it is not influenced by the heating due to welding. So, the weld creates different structure in the adjoining its regions causing great degradation of its properties. Shifts in the structures of regions "a", "b" and "c" help at generation of internal stresses in it. Evidently good welding quality would be better as the region adjacent to the seams of the weld is smaller. Figure 4 shows photographs of microstructures of welded specimens A, B, C, and D in different welding regions, which are welded by using austenitic stainless steel (E316L). These microstructures changes are the same for all welded specimens which are different in joint design and preparation angle of single V butt joint.
The results of microstructure examination show the columnar dendrites grains at the center of weld metal or weld zone ( Figure 4-a) . The microstructure of weld metal consists of austenite ( γ ) as light, which is primary solidification phase and ferrite phase ( δferrite ) as dark particles formed between the primary arms during the terminal stage of solidification. The columnar grains are in direction perpendicular to the interface between weld metal and heat affected zone ( HAZ). The amount of austenite and ferrite phases depends on the welding parameters such as welding current, welding speed, composition of filler metal, etc [11] .
The shape of the grains was changed to the equiaxed fine grains formed near the boundary of the weld metal and in the HAZ adjacent to weld zone (  Figure 4-b) The microstructure examination of welds by optical microscope revealed that microstructure of the base metal of a low carbon steel is composed of ferrite and pearlite as shown in Figure 4 -c.
It is seen from the micrograph pictures of weld zone and HAZ ( Figures 4-a&b) that the microstructures become finer with the increase of preparation angle of the V butt joint with angle 30 o , 45 o , 60° and square butt joint. This is due to increasing of weld size and decreasing the heat quantity, its means that quantity of weld metal increases i.e. weld region possesses greater heat transfer to adjoining region. This leads to increase cooling rate gradually from the weld metal toward HAZ and base metal.
Effect of Joint Design on the Corrosion Rate:
In this study , the effect of joint design and preparation angle of single V butt joint on corrosion resistance of low carbon steel (St37) plates which are welded by TIG process using filler metal (weld metal) of austenitic stainless steel E316L and at constant welding parameters is investigated. Figure 5 shows the Tafel and polarization curves of low carbon steel welds in sea water and Table 5 shows the electrochemical corrosion test results. The current density (as shown from these figures and table) increases sharply from 4µA/cm 2 to 10.1 4µA/cm 2 when the joint design angle (preparation angle ) increases from 30° V to 60°V. However the corrosion rate could be high due to the presence of chloride ions [17, 18] .
Further the corrosion behavior of welds largely depends on heterogeneity of their microstructures. The TIG fusion welding process induces dramatic changes in microstructures which are changed from coarse cast structure in the weld zone to fine recrystallised structure in HAZ and wrought structure in the base metal. In this study, electrochemical corrosion test by Tafel extrapolation method was carried out on all welded specimens of base alloy of steel St37 in sodium chloride solution of 3.5% NaCl to determine corrosion parameters, such as corrosion potential (E corr ) and corrosion current ( I corr ) as shown in Table 5 . Gap (root) is made = 1mm for all joint design 
CONCLUSIONS
1-It is found that the TIG welding of a low carbon steel by using filler metal (welding electrode ) of austenitic stainless steel E316L shows good weldability and gives acceptable and free defects welded joints.
2-Corrosion rate increases as preparation
angle of single V butt joint increased because of increasing of filler metal which is deposited in the weld zone.
3-When the V angle of joint is increased, the stuffing material and it is properties, have an influence on the properties of weld region.
4-Heat quantity depends on the variables of welding process (voltage, current , ..etc) 5-It is evident that the joint design or geometric shape of weld has an important role in the welding process. That is the weld region gets bigger, the faults get less due to increase of heat quantity in the weld region.
6-It is shown from the micrograph pictures of weld metal and HAZ, that the microstructure becomes finer with the increase of preparation angle of the V butt joint with angle 30 o , 45 o , 60° and square butt joint.
